We propose a new four parameters continuous model called the Topp Leone generalized inverted Kumaraswamy distribution which extends the generalized inverted Kumaraswamy distribution. Basic mathematical properties of the new distribution are invstigated such as; quantile function, raw and incomplete moments, generating functions, probability weighted moments, order statistics, Rényi entropy, stochastic ordering and stress strength model. The method of maximum likelihood is used to estimate the model parameters of the new distribution. A Monte Carlo simulation is conducted to examine the behavior of the parameter estimates. The applicability of the new model is demonstrated by means of two real applications.
Introduction
The inverted distributions have many applications in different fields such as; biological sciences, life testing problems, engineering sciences, environmental studies and econometrics. In the last two decades, the researchers proposed many inverted distributions due to its great applications; for example, [1] studied the inverted Burr type XII distribution, [2] introduced the inverted Pareto type I distribution, [3] studied the inverted exponential model and [4] proposed the exponentiated inverted Weibull distribution and [5] investigated the inverted Kumaraswamy distribution, among others.
Moreover, the inverted Kumaraswamy (IKw) distribution has probability density function (pdf) and distribution function (cdf) are given, respictevely, by , ,
where, ( ; ) 1 ( ; ).
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This study aims to introduce a new generalization of the GIKw distribution by using the TL-G family called the Topp Leone generalized inverted Kumaraswamy (TLGIKw) distribution to obtain more flexability and accuracy in fitting data than some well known distributions. The cdf and pdf of the TLGIKw distribution are given, respectively, by
and
If the random variable X follows (8), we will denoted by
The plots of the density and hazard functions of the TLGIKw distribution are displayed in Fig. 1 .
Fig. 1. Plots of the TLGIKw pdf and hrf for selected parameter values
The remainder of this paper is orgainzed as follows. In Section 2, an usefull expansion of the pdf corresponding to the new distribution is introduced. In Section 3, basic mathematical properties of the TLGIKw model are studied. In Section 4, the maximum likelihood estimates are obtained for the model parameters. A simulation study is conducted in Section 5. In Section 6, we provide two applications. Section 7 offers some concluding remarks.
Expansion of the Density Function
An usefull expansion of the density function of the TLGIKw distribution will be introduced in this section.
Applying the generalized binomial series in (8) , we obtain
is the pdf of the GIKw distribution.
Mathematical Properties
In this section, we will investigate some main properties of the TLGIKw distribution.
Quantile function
The quantile function of the TLGIKw distribution
  is the solution of the non-linear equation
Moments and generating functions
Let X be a random variable with the TLGIKw distribution, then the raw moment, say , r  is given by
Using the generalized binomial series in the above equation, we have
where, kurtosis .
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The nth central moment of the TLGIKw distribution, say , n  can be obtained from
The th r incomplete moment of the TLGIKw distribution, denoted by ( ),
where,
The moment and probability generating functions of the TLGIKw distribution, denoted by ( )
t respectively are given below:
and 
Probability weighted moments
From (7) and (8), we have
.
Order statistics
Let 1:
,... n n n n X X X   be order statistics corresponding to a sample of size n from the TLGIKw distribution. The pdf of : k n X , the th k order statistic, is given by
Based on (7) and (8), we have
Using (21) in (20), we arrive at ( 1) , 1 ,
Rényi entropy
The Rényi entropy is defined as
where, ( )
Inserting (25) in (24), we arrive at
Stochastic ordering
Stochastic ordering is a vital criterion that is used in different fields to examine the comparative behavior. According to [8] , a random variable 1 X is said to be smaller than another random variable 2 X in the likelihood ratio order  
x The following theorem shows that the TLGIKw distribution is ordered in likelihood ratio ordering if the appropriate assumptions exist. 
where, 1 2 1 and 1 .
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Stress strength model
Using (7) and (8), we obtain
( 1) 1 1  1 1 1 1  2  2  2 2 2  ,  , 0 , , , , 
Subsituting from (28) in (27), we have
Maximum Likelihood Estimation
The maximum likelihood estimates (MLEs) for the model parameters of the TLGIKw distribution will be discussed in this section. Let 1 2 , ,..., n x x x be observed values of a random sample from the TLGIKw distribution, then the corresponding log-likelihood function is given by
log 2 log log log log 1 log
where, 1 .
By differentiating (30) with respect to , ,    and ,  we obtain the following nonlinear system of equations The values in Tables (2) , (3) and the plots in Figs. (2), (3) indicate that the TLGIKW distribution yields the best fit among all compatative models. Fig. 3 . PP, QQ, epdf and ecdf plots of the TLGIKw distribution for data set 2.
Conclusions
We introduce a new member of the inverted distributions called the Topp Leone generalized inverted Kumaraswamy distribution. The main features of the new model such as the quantile function, ordinary and incomplete moments, generating functions, order statistics, Rényi entropy, stress strength model and stochastic ordering are derived. The maximum likelihood estimates are obtaine for the model parameters and the importance of these estimates are assesed by means of a simulation study. The usefulness of the new model is illustrated via two real applications. Numerical results show that the new distribution can be considered a good alternative to some well known distributions.
Competing Interests
Authors have declared that no competing interests exist.
